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This invention relates te control systems and 
particularly te the controlling of operations in 
definite relation te rime or at a definite rime 
rate. For example, se that a machine part, or 
the work, moves ai a predetermined speed which 
may be a uniform spoed or may be a speed vary- 
ing in desired relation te rime. 
A particular object of my invention is te con- 
trol the rate of movement of a movable part of 
g machine ai a predetermined rate which may 
be a steady rate or a succession of ifferent rates 
in sequence or according te a program. For ex- 
ample, I may establish a sequence of movement 
rates which thereafter are accomplished auto- 
matically. In like manner 
quence of other types of operations, such as pres- 
sures, and thereafter accomplish the operations 
or pressures automatically. 
Hydraulic pressure is used te actuate practi- 
cally every type of metal handling or working 
machine. The simplicity of this method of ap- 
plying power lends smoothness of operation and 
flexibility of control. Certain types of machines 
require a variety of cutting speeds or feeds, 
changeable during operation. Presses, resistance 
welding machines, and the like frequently re- 
quire sequential operation of dfferent sizes of 
pistons under different pressures and speed oî 
travel. Shapers, planers, grinders, etc. require 
rapid approach te the work, slower movement 
over the work, and a rapid return. AI1 of these 
examples require sequential operation of one or 
more parts in relation te rime. A particular 
ject of my present invention is te providea con- 
trol system providing sequential operation with 
rime, and adapted te a wide variety of machines 
and operations. 
The use of oil as a hydraulic medium provides 
smooth, vibrationless action that is little affected 
by load variations, having lubricating value and 
a minimum of compressibility or corrosion effect. 
However, oil is subject te change in viscosity ith 
temperature se that an oil having proper vis- 
cosity at" operating temperature, may thicken 
excessively when the machine is net used. A 
changing viscosity as the machine warms up may 
result in a wide variation in speed of work or tool 
tràvel and may require a continual readjustment 
of what was intended te be an automatic ma- 
chine or operation. Change in the characteris- 
tics of a hydraulic fiuid is particularly undesir- 
able in connection with the controls for power 
cylinders; such as pilot valves and the llke. In 
my present invention I desirably utilize oil as a 
medium in power cylinders, but use ah" through- 
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out the control system for such power cylinders. 
I thus utilize a practically incompressible fluid in 
the locations where viscosity changes with tem- 
perature are of minimum effect; and utilize a 
5 fiuid which is insensitive te viscosity change with 
temperature in the control system where volume 
rates, spoeds, directions and the like of the power 
pistons are established. 
In the past, timing operations bave been 
10 complished through the agency of synchronous 
motors, clockworks and the like as representative 
of a rime function. A particular object of my 
invention is te provide a fluid pressure rimer, and 
specifically a pneumatic rimer. In general, such 
15 a rime function is accomplished through the ap- 
plication te a moving part of a continuous uni- 
form fiuid pressure. One important advantage 
of such a fiuid pressure rimer is that the rime 
rate may be readily changed by adjustment of 
20 the fiuid pressure, either by hand or automati- 
cally. This is in comparison te the difliculty of 
changing gear raties in a rimer driven either by 
an electric motor or by mechanical clockwork or 
the like. The fiuid pressure driven rimer of my 
25 invention is preferably pneumatic, although if 
might be hydraulic if desired. 
This application is a division of my copending 
application, Serial No. 542,149, new abandoned. 
In the drawing: the figure is a diagrammatic 
30 representation of a preferred embodiment of my 
invention. 
_n the figure, I illustrate schematically the 
application of my invention te a power device ! 
which may be a hydraulic servo-motor having a 
35 cylinder 2, a piston 3, and piston rod 4. I have 
felt if unnecessary te show the servo-motor 
 embodied in a metal forming or working ma- 
chine, as such usage is old in the art and is well 
understood. By way of example I might men- 
40 tion that the piston rod 4 may move a tool, a 
traveling table, or any movable parts of a ma- 
chine for performing an oPeration. For exam- 
ple, it might provide the power means for shears, 
45 presses, punches, or the like. If might be used 
in traveling the bed or table of a shapor, planer, 
grinder, or the like. If seems unnecessary te 
enumerate the many places where such a hy- 
draulic servo-motor is new used in material 
50 working or forming machines for positioning 
movable çarts relative te stationary parts. In- 
asmuch as I de net claim te  be the first t0 use 
hydraulic servo-motors in material forming or 
working machines, it seems therefore suflicient 
J o show such a servo-motor ! diagrammatically 
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and to describe how my invention may be ap- 
plied thereto. 
The arrangement illustrated in the figure pro- 
rides a sequential or prograra movement of the 
piston rod 4 in accordance with the dictates of a 
cam § whose shape follows a predetermined pro- 
file. The cam § is mounted on a center carrying 
a pinion 6 driven by the rack 1. Axial more- 
ment of the piston rod 4 serres to rotate the 
pinion 6 and cam 
For positioning the piston 3 within the cylin- 
der 2 I regulate the application of off to, or 
withdrawal therefrom, the cylinder 2 at oppo- 
site sides of the piston 3. For such regulation 
there is provided a valve genera]ly indicated at 8. 
Off under substantially uniform pressure is 
available at the left-hand side of the valve as- 
sembly 8 as indicated by an arrow. With the 
valve stem 9 in the position shown in the figure 
passage of off to the ports 0 or  is shut off 
and off within the cylinder 2 is locked, thereby 
locking the piston 3 in position. 
If the valve stem 9 is raised, then off under 
pressure is applied through the pipe 2 fo the 
right-hand end of the cylinder 2 and is dis- 
charged through the pipe 3 and port [ from 
the left-hand end of the cylinder 2; resulting in 
a movement of the piston 3. toward the left. 
Conversely, if the valve stem 0 is moved down- 
wardly the piston 3 is caused to move toward 
the right. The speed at which the piston 
moves within the cylinder 2 is determined by 
the degree of axial movemenç of the stem 9 and 
thereby the extent of opening o the ports [0 
and 
For positioning the valve stem 9 I provide a 
pneumatic rime control comprising the uniform 
application of pressure to a bellows I which is 
loaded with a spring 5. The otherwise free 
end of the. spring 
pivoted at I1 and positionable by the contour of 
the cam . The time function is introduced 
through the gradual and uniform building up of 
pressure within the bellows I4over a predeter- 
mined period of rime. 
Air under a uniform pressure is available in 
the pipe 18 after passing through one or more 
pressure regulators 19. An adjustable orifice 
determines the rate at which fiuid passes to the 
bellows Il, and therefore determines the rate 
at which pressure builds up in the bellows 
and in a volume chamber 21 communicating with 
the bellows. It will be appreciated that the 
volume chamber also acts to delay the building 
up of pressure supplied to the bellows. The time 
period for building up the pressure from atmos- 
pheric to line pressure may be varied from a 
predetermined minimum value, determined by 
the fiow rate provided on maximum opening of 
the orifice and the volume of the space to be 
filled, to any desired higher value by adjusting 
the orifice to restrict the fiow. 
In operation the ad]ustable orifice 20 would 
be calibrated so that a given opening would re- 
quire a predetermined number of seconds or 
minutes for pressure to build up within the bel- 
lows I to a predetermined maximum value. 
This likewise would predetermine the number of 
seconds or minutes required for a complete 
travel of the piston 3 from right to left on the 
drawing. 
Assuming that the piston 3 is at an extreme 
right travel in the cylinder 2, and that a mini- 
mum pressure exists within the be!lows I:. 
adjustable orifice 29 is opened }o the graduation 
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dictating a completo travel of the piston 3 from 
right to left in a predetermined rime interval. 
As pressure builds up within the bellows 
against the spring I, the valve stem 9 is raised 
5 and allows a greater admission of off pressure 
through the pipe 12 and a greater bleed from 
the pipe 3, thus producing a tendency for the 
piston 3 to more toward the left. As such more- 
ment is accomplished, the cam  is rotated 
I0 against the lever 16, thus varying the loading 
on the bellows I and tending to reposition the 
valve stem 9 toward its neutral position. 
If the profile of the cam § is a uniform fise 
of a steepness corresponding with the rate of 
15 admission of pressure through the adjustable ori- 
fice 20, then the movement of the piston 3 from 
right to left would be accomplished in the pre- 
determined rime interval smoothly and ata uni- 
orm rate. 
20 It is apparent that the profile of the cam § 
may be so designed that portions oJ the travel 
of the piston 3 may be at a faster rate than 
other portions, and in fact there may be time 
periods oï dwell when the piston is hot moving 
25 while pressure within the bellows I builds up 
a predetermined amount. Thus a program of 
sequential operation of the piston rod 4 is in- 
corporated in the design of the cam 5. Adjust- 
ment of the bleed orifice 20 (the rime basis) 
30 determines the total rime interval during which 
complete travel oî the piston 3 from right to 
left will occur, and thereby the rime interval 
during which the entire program oï sequential 
opération incorporated in the cam 5 will be ac- 
35 complished. 
I provide a hand actuated 3-way valve 22 in 
the air line leading to. the bellows l. In the 
position shown the passage is clear from the 
adjustable orifice 2 to the bellows I. When 
40 the valve 22 is rotated in a counterclockwise 
direction by ninety degrees, then both the vol- 
ume chamber 2 and the bellows 4 discharge 
to atmosphere. This immediately causes the 
valve stem 9 to travel downwardly opening the 
45 port 0 to the atmosphere and opening the port 
 to the full pressure of the off supply. Such 
action immediately drains the cylinder 2 at the 
right-hand end of the cylinder and admits full 
pressure of off to the left-hand end. The re- 
50 sult is a back traveling of the piston 3 toward 
the right at maximum speed. Thus the hand 
actuated valve 22 provides a ready means for 
placing the system at the start of its cycle of 
operation. It is quite apparent that if I wish 
55 such cycle of operation to be repeated automati- 
cally I may provide a trip mechanism or simflar 
arrangement for switching the valve 22 uDon 
the piston 3 reaching either extreme of 
travel. 
60 It is apparent that I may use any hydraulic 
fiuid in this system although I pre£er to use air 
ïor simplicity, cleanliness in case o£ leakage, etc. 
I bave fllustrated and described a pre£erred 
embodiment oï my invention in connection with 
65 timers and rime £unction control by way of fiuid 
pressure. There are numerous other embodi- 
ments that might be shown but I believe it is 
unneccessary in ortier to understand my inven- 
tion. I do hot, however, wish to be limited to 
7O the particular embodiment illustrated and 
scribed. 
What I claim as new, and desire to secure by 
Letters Patent of the United States, is: 
1.- 
Power apparatus comprising in combina- 
75 tion,- a .... hYdraulic servo-motor havig a pstorl 
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adapted to perform useful wok, a valve for con- 
trolling the connection of the opposite ends of 
said piston to a liquid supply and fo exhaust, 
pressure responsive means for moving said valve 
in a direction to cormect one end of said piston 
fo liquid supply and ifs other end to exhaust, 
means including an adjustable orifice for sup- 
plying pressure fluid from a source fo said pres- 
sure responsive means, a volume chamber com- 
municating with said pressure responsive means, 
a spring opposing operation of said pressure re- 
sponsive means, and means including a cam 
driven by said piston for loading said spring. 
2. The combination of claim 1 including a valve 
member adjustable for connecting said volume 
chamber and said .pressure responsive means fo 
atmosphere. 
3. Power apparatus comprising, in combina- 
tion, a hydraulic servo-motor having a piston 
adapted to perform useful work, a valve for con- 
trolling the connection of the opposite ends of 
said piston to a liquid supply and to exhaust, 
pressure responsive means for moving said valve 
in a direction to connect one end of said piston 

6 
to liquid supply and ifs other end to exhaust, 
means for supplying a restricted flow of pressure 
fluid from a source to said pressure responsive 
means, a volume chamber communicating with 
5 the pressure responsive means, and means ctu- 
ated by said piston for opposing the movement 
of the pressure responsive means. 
CLARENCE JOHNSON. 
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